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Can fallow variations in the topography of the raiatiiifi 
MAGNJCnc HEAD SUSPENSION ASSEMBLY disk surface whUe providing low piich and roU mtftittl 
FABRICATED WITH INTEGRAL LOAD BEAM Aijgthcr objective in the design of compact disk 

AND FLEXURE drives which afc w$ed io laptop or notebook computers 

m . . 5 is to minimize the size and mass Of the drive cocnpo- 

^ ™s apphcation u a continuation-in-part of appUca- nenis. a reduction in Z-heighi (vertical height) of the 
tion Scr. No- 07/958,516, fiJcd Oct- 7, 1992. now aban- suspension and slider assembly results in & oorrfispond^ 

ing reduccioD in th* Z-height of the compaot diak drive 
CROSS-REFERENCE TO COPENDING "C5>n>orating the aiscmbly. A standard full size slider is 

APPLICATION ^^^^ ^' ^"^^ long. 0. 125 Inch wide and 0.0345 inch 

j» TT « . 1- . « Presently known disk drives employ nanoxlidcrs 

073^j"iaed A«« rS k^^Tto A"Ld ■ ^" "'"^^ '"Pproxima.dy 0,080 u,ch long, D.063 inch 

«\r KAHfi^iT ±UA^^n Ti^-n- . M^^i' J. ■ design di^eioficd herein is particular y u&efiil for 

air beanng sliders. The present application which ii a r-w,Trt«iM-^ ^vimu n a^a ■ i 

f»rt«(iiina»4rt,s Jt, «f r 1' A'-, o vt lemtosJiacrSp wmcn measure about 0.040 ujc5h lonn, 

the suaderd full Size sliders. TTie sobjcci matter of the ^ ^^'^'^ «^ 

aforementioned copending application is Incorporated SUMMARY OF THE INVENTION 

herein by reference. * . - , ^ . . . . 

An object of thts invcAilon is to provide a bead sus- 
FIELD OF THE INVENTION pension and slider assembly having significantly te- 

This invention relates to a magoecic head suspension , ^. . 

assembly that acoomiDodates air bearing femtoslidaf* Another object of ihis Inveation is to provide a head 
which ane used in compaci disk drives suspension assembly characterized by low pitch and roU 

stinrness. 

DESCRIPTION OF THE PRIOR ART Another object i$ to provide a head suspension as&em- 

Presently known disk drives, such Bs used in laptop or characterized by low bending stiffness wiih de^ 

notebook computers, include at least one rotatable mag- creased gram load loleranCe effects, 
netic disk, at least one magnetic head assembly for Another object is to provide a head suspension Wflcm- 
Iransducing data recorded on the disk, and a rotary characierized by a rclacivcly high first bending 

head actuator for transponing the magnetic head to 35 ^C'dcr fust torsion mode^ and first lateral mode resonant 
Bclecicd data tracks on the rotating disk. The magnetic frequencies. 

head assembly comprises a bead suspension fabricated ^ funher object is lo provide a head suspension dc- 
wlih a rigid load beam element and a gimbaJing flexure. affords significant savings and advanuges in 

A typifia] bead suspension incliades a load bca^n element manufacture and mass production, 
and a flexure which ore fabricated ai separate parts and 40 . According to this invendonj a magnetic head suspen- 
are then joined during assembly of the bead suBpeoaion. assembly is formed from an integral planar piece 

Special tooling to implement accurate alignnicnt and comprising a load beam section and ilcxwre section. The 
assembly of the load beam and flexuie is required. After ^^^^ b^tm is configured preferably as a truncated coni- 
joinder of the load beam element and flexard, an air cal section having Ranges along Its sides and an extend* 
bearing slider is mounted at the end ofthe flexure. The 45 ing tongue at its nerrow end. The side flanges are 
slider supports a thin film magnetic transducer which formed with U-shaped channels and provide rigidity 
coacls with the magnetic disk for recording or reading stiffness to the load beam section, Thi load beam 

data signals, tongue extends into iht flexure section and is formed 

During operation of the disk drivc> the rotating mag- with a hemisphericeJ load dimple which faces down to 
netic disk provides an aerodynamic lift force lo the 50 ^hc non-air bearing surface of ahead slider. A U-shaped 
slider, while an opposing gram load force is applied lo cuiout ponion that is formed in the flexure section adja- 
the Slider through the flexure. The resultant of the two cent to the load beam tongue deljncales the shape of the 
opposing forces determines The Hying height of the lOngue.Inon^ embodiment of ihc invention, the flexure 
slider and iu transducer relative lo the disk surface. In aeciion includes two narrow etched legs ihat cj^tcnd 
lU operating Hying mode, the slider gimbala about a 53 from the load beam and are disposed adjaceni to the 
load dimple formed In the flexure. cutout portion. The narrow legs are connected by a 

In known prior art head suspeiision and flexure da- lateral ear at the end of the flexure. In thia impleucnta- 
signs, ihe load force transfer and gimbaling action are tion. the head slider is bonded to the bottom surface of 
separate to provide high first bending frequency with the lateral ear. In bq alicmaiivc embodiment, the flexure 
low pitch and low stiffness. The flexure porticipaies 60 section includes Outriggers configured as a Split toneue 
slightly in the load transfer with the load beam while to which the slider is bonded, 
primarily providing the low pitch and roll stiffness 

gimbaling action and providing high stiffness for lateral BRIEF DESCRIPTION OF THE DRAWINGS 
motion. These suspensions are characterized by weak The invention wiU be described in greater detail with 
pilch, roll and bending stiffness when the head is flying «5 reference to the drawings in which' 
over the disk surface. J'or opiimun) funcrioning, how- FIG. lA is a top plan view of a head suspension and 
scriiciurc should provide a high slider assembly, made in accordance with this inven- 
first bendmg mode resonant frequency so that the slider tion; 
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*?ii5. ^^""^ elevationaj view of ihe head sbs- cf joining and welding are needed for attachinff ihe 
p^ionor Fia i; ^ ^ . ^ flexure to thfi load benro, 

CT? i J a^dc devation view of the assembly of The loAd beam section 10 is preferably nude in a 
FIG. 1, sllo^%iIlg a head $Iider attached xo the end of the truncated conical or triangular shape. The load beam 
ht^^' ^."^^ position and in phimiora in an un- 5 section has a short tapered tongue 14 extending from lt« 

Prn ^'{e , • , *u i_ . . rdaliveJy narrow end inio the flexure section 12. The 

FIG 1- suspension of longuc 14 is delineated by a U-shaped cutODt 16 in the 

trln' ^ ie « .-J 1 I . - , flexure section. The load beam tongue 14 provides low 

FIG 3 *ho\Sn^ fh r"?? "i^J^' ^'"^^^ deflections in the direcrion orthogonal to^the plane Of 
FIG, 3, thowing Che load dimple wiihoui »i attached 10 the load beam section and flexure Action by^ueof its 

T?rA «A i , J . - shon length and low cram load force, 

mo ?5f/;rt?'. 'r « • . elwomer MA about 0.002 inch thick tod an overlay 

«on ofFIG si "Borabow 0.002 Inch tWt:lc,tainIess st««l i, Uid d<» J 

Pirt iC4 i.ll'—i J - , . • '* wHne top »iirface of the ™or section of the load beam 

" 5" ■! " ""deairable resonances of ihc j"»peaslon^ 

.ujention „d Oexure Jn«,rpo«Ung a« .Iten^tive shown in FIG. I. Al.e™rivdy. a similar ZS^ d" 

tio «a 4r . J .• . . . "isnt 31 may be deposited pij the boTtomrorfaee of the 

»o^?o "o.;" Fialx?'"" „ rw'rpioT' « 

f ""P'^in^'ional fren( view showing the The flexure seation » IncludM narrow lees 32 that 
overhang of the ou.ngeers of FIO. <Sa relative to a arc located a4,-a=enno the side, of ™h4^^^^^^^ 

sutpeMloB bod>e» stamped from a piece of stainless stUfness. A Uieral conncctina pan or car 38 U foraed 

HO. 8A i, a ,ide elevation view of the paddle board 30 on^^e ^ X^l^'*''" """" '° 
° FIG;9 is a top pla« view of a nancslider suspension. bo^dS'oS ht^TSnnfcS^'S^^^ I' ^ 

no. lOlsatoppia^ view ofafemtoslidcr suspension. « 
Son" " ^'^^""^ - 'f^ 38. lie load dil^l" 18 1 wld io'S'th^ 

, FIO. II i, a ,op plan view of the femtoslider suspen- SS^^fH ^I'b^^ffrcfJaM^^^^^^ "'l^v"^" 

Ptn 11 =1;,^v^« .1. / * . ^ height chaiactcruilcs. 

FIG. 14A is a top view oflh^fl^Jre of ri^e sSocn' flAsS . P'^^''^- Widng 92 without Ihe conven- 
aion. partly brol^e« away. showfae^^^n^S fl^?"' " .^"^n 'h-i channels of the 

MO. l«B is a aide view of the flexuK pio i A . « , 7\* ^''^ '"^'"e allows the U-shaped 

FIQ.MCia.fromvLwofS^nl^"^^ th.X ' """^ " 'hallow 

Similar nui»er.|, i^fer to similaTelm^l in ,he kra^" h! h«/ '° «;«3u«iOB of Che Z-height of 

ing. wemcnts m the draw- the head sutpejislcm assembly. Adhesive material 90 is 

"t. ♦^i"*'"'^'" wiring 92 fmed in place. Adhealve 
DESCRIPTION OF THE PREFERRED , '^^"f" provided a(ijacent to the car 38 and the 

EMBODIMENT " ^2. The fillets 91 are eipoted and thus can be 

With reference to FIGS. 1A-5B a manieric ht^ «PPlieation of ultraviolet radiation, 

suspension assembly includes a load beaTsK lol as^hlv"^,""^' h"*^ ""P^"^"" 

flewe secioo «, a leaf .pring secrio"d a re« wlffule flZrX?^\'' wT.?.^^ 
moun. section 42. The su$penSon is formed from an « force fa trLiSS h^^^^^^^^ '^"^ 

W'' °^°««"^g"«ic material, preferably a ca ed con^Son of^i^^^^^^ " 
300 Series type stainless steel havlnc a thickness of ln=H v.r /n "J "Ucgral 

about 0.0OI3 to 0.001J inch. As a ?^uJi of usi« a„ if L a^fi^T'^ .«"r.«ur«Uon allows the separation 
integral piece, .be load beam section 10 and fl«ure L hat sf™"!!""'^':^"" 
aecfton 12. u well as the leaf spring section 56 and rear « for t ^ ""^ ".^ T'^,^ '«'«' beam 

mount .ection <2. are dl5po«d^sub,tajiti2"y in a sin^u " d!mofr?o »n!..f '""^ '^^'i'^'^y '"e load 

plane. Np ^epar,., fonning of individual loil be™ and A^s u;e ^f^if.7';i ""^ ^ 
flexure pans is required. Th^efote. „o ^sembirstSt .i^^^^^^'^ SZ^^S^X^^atA 
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a step whJch is fonncd by ciininfi « recc«sed portion dimple H, and the slider projficu beyond the end of the 
or platform 30 On the non-aif bearing tcp surface of the transverse pan 70. There is noofftct of the load dimple 
alider 22, The Z^bcigh I of the step 28 is substantially the 76 relative to the centerline of the slider. With this 
same as the Z-hei^hi of the hemispherical load dimple implemeniarion, a lower venical height (Z-height) is 
18. SufTicient spacing is provided beiwetn the load 3 realized. AUo ihesUdcr bonding areas of iheoutiiggcra 
beam longue X4 and the lop slider surface to allow free 72 arc larger than the bonding area of the laicraJ con* 
glmbaling action of the alider 22 with no inierferencc neciing pan 38 of flewrc 12 of FIG. 1. In this implc- 
from the load beam. The slider seep 2fi is sulT^cicntly mentation, there is little room to move the slider toward 
high so that the slider end at the trailing edge can ac- ihe leading edge relative to the load dimplei which may 
commodate a Ihin film m^etio transducer including 10 be necessary to obtain optimal flying attitude. Also, 
its coll turns. additional forming is reqtiircd in order to bend the two 

The leaf spring 56 between the load beam section 10 onirigger legs 72 down to the bend 20, which increases 
and the rear mount section 42 is formed with a trapezoi- the tolerances during production. 
d4l-!Lke cuioui 60 to provide flcxibUlty, The flesuble FIO. $ shows a paddleboard or fret 80 formed from a 
section 56 is fonntd to provide a desired load force that 15 stamlcss steel piece that has been stamped with a num- 
oounlcracts the eerodynamio lift force generated by the ber of head suspensions 82, each of which was formed 
rotating disk during operation of the disV drive. The with the design shown in FIG. I. Tooling holes 94 and 
load force arises from bending rhe suspension from the suppon legs 96 arc provided for further handling. PIG. 
phantom positiofi, shown in PIO. 2, to the raised posi* 8A shows the paddleboard 80 with support legs 86 bent 
tion as indicated by the arrow. lo to enable workhig on the extremely small femioslider 

The rear mourn section 42 of the load bcera 10 has a fiuspcnsions. 
hole 4^ to allow connection of a swsge plate 46 to the FJG. 9 shows a nanosUdcr suspension Such as dis- 
suspension by means of a boss 48 and by laser welding. closed in copending application Ser. No. 07/926.033. 
The swage plate 46 provides stiffness to the rear mount The nanoslidcr includes a load beam 94, flexiire 96, load 
section 42, Rear flanges S4 provide wire routing chan- 23 beam tonBue 98, spring section lOO, war mount section 
ncis to protect the wires during handling. 102 and slider 104. 

The head suspension and slider ftssembly desoribed FIGS. 10 and 11 iJlustratc the femtoslidcr suspension 
beKifl incorporates a stiff load beam and a relatively of this invention with the load beam 10, flexure 12 
long and narrow flexure which includes thin weak flex- spring section 56 and a rear section having a tooling 
urc legs and connecting lateral pan. With this deaign, 30 hole 106, The tooling hole secrion 106 is attached to an 
low bendmg stiffness and high lateral and longitudinal extension 108 formed with an apenured swage 110 that 
stiffness with low roll and pitch stiffness are realized, allows attachment to a rotary actuator. Id effect for 
The load beam tOJJgue has a high venical or perpendic- extremely small drives, such as 1 .3 inch and smaUer, the 
ular stiffness so that there is minimal bending of the load extension 108 serves as an ann pWOT and precludes Ihc 
beam tongue op or down relative to the plane of the 35 need for a separate arm structure, as used in the prior 
fiuspenwon. The first bending mode resonant frequency art. The extension 108 also allows the wsembly to 
or vjbration IS substantially higher than iuiown prior an match the overall length of other Industry standard 
suspension designs of comparable size. "TO^" microsUdcr suspensions, thereby making it easy 

In an actual implemcniation of this invention, the to use existing tooUng. 
overall height of the slider is about O.OJ 10 inch, its 40 FIG. 11 shows the suspension skewed with relation 
length about 0.0400 inch, and its width about 0.020 inch. to the extension lOB to compensate for skew experi- 
The height of the step 28 is about 0.0015 inch above the enced as the head moves between the outer diameter 
recessed portion 30 which is 0.0336 inch long. The and the inner diameter of the disk during accessing The 
surface area of the top of the step 38 is preferably mini- extension may include apcnures 112 for weight reduc- 
mized in size to reduce the effects of bending or warp- 45 lion. as shown in FIGS. 10 and II. The apertures 112 

J -Sr*" ""^^^^ ^^^^ "^^^ resonant conditions and/or to adjust 

to the difference in the ihennal coefficients of expansion for total actuator balance about the pivot 

of the ceramic slider 22 and ihe stainless steel ear 38. FIG. 12 Ulusirates the femtoslidcr suspension without 

Such bwidmg would affect the Hying cbaiacteristies of the extension and shows the large difference in sUc 

the head adversely. 50 between the nanoslidcr and femtoslider Buspensions. In 

in an alternative ^bodimeni of the head suspension, an implementation of the fcmtoslider. die Icngih was 

Illustrated in pan m FIGS. 6A-7, the fiexure section 62 about 0.395 inch and the greatest width was about 0.056 

isformed with a longne 64 and a cutout 66. A down-fac- inch. 

ing load dimple 76 is provided on the longue 64. Nar- With reference to FIGS. 13 and 13A, a head slider 

row etched legs 68 that extend from the load beam ID 55 suspension includes flat side tabs 120 which protrade to 

!Iht^?;?fif«*!l^^/.^'^''';!"' ^^""J^' T^^. ^ and unloading of the head suspension 

chemically etched to be thinner than the integral flat u**rmbly relative to the surface Of a liagneiic disk in a 

piece used to form the load beam and flexure sections. disk drive. The side tabs may be present on one or both 

Outngge^ 72 foonrng a split tongue are provided at the sides of the load beam. The aide tabs 120 are moved bv 

sides of the flexure 62 tod are separated from the thin 60 means of a tool for Ufting or lowering the suspension 

sides of the slider 22 and the slider ib fastened to the the same plane de the load beam does tier add to the 

outnggers by an adhesive fillet 90. In this implemenu- vertical Z-heighi of the suspension assembly 

tion, the top non-air beanng surface 20 of the slider 22 FIGS. 14A-C depict a partial suspension assembly 
ts bonded 10 the outriders 72 by adhesive Hllets Which « having a slider 122 and a thin film tri^uoer 124 at a 

ES^s^'l^^^.^^ V.^*°^ll ^^\^^^ " ^^^^^ ^ The slider 122 has a Hat top surface 126 on 

FlO. ec Tiie fihder 22 is mounted to the outriggers 72 which the load dimple 76 is seated. The slider 122 is not 

so thai the center of the slider is aligned with the load formed with a step 78, as shown in the slider deaign of 
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